ABSTRACT
INTRODUCTION
The opioidergic neurotransmission system is an important processor of painful stimuli [1] [2] [3] [4] .
The l-opioid receptor (OPRM1) is a primary target for clinically important opioid analgesics, including methadone. Studies among healthy subjects showed a possible role of the opioid receptor mu 1 gene (OPRM1) in altered pain sensitivity [5, 6] . Genetic factors that affect the density, function, and, consequently, the signaling efficacy of l-opioid receptors may contribute to inter-individual variations in the pain response to opioids [7] [8] [9] .
Southeast Asia is a highly populated and cultural-diverse region with ethnic Malays constituting the largest population group, mainly populating countries including Malaysia, Indonesia, and the southern part of the Philippines. Males who are ethnic Malays make up the majority of opioid-dependent patients on methadone treatment in Malaysia [10] . We have previously reported that a majority of opioid-dependent Malay males on methadone therapy are cold pain sensitive and that the pain is frequently associated with poor sleep quality [11] . One postulated mechanism for altered pain sensitivity in this susceptible population is polymorphisms in the OPRM1 reported by Fillingim et al. [6] and Lotsch et al. [5] , but subsequent studies failed to replicate these preliminary reports in different experimental pain models and in different populations [12] [13] [14] . Similarly, the roles of caused by malignant disease [7] and did not have significant association with 24-h post-operative opioid requirement [15] . To summarize, available studies have raised a great deal of speculation over the role of OPRM1 polymorphisms in pain sensitivity and one postulation is that this phenomenon may be gender and ethnic dependent [16] .
Recent studies indicate OPRM1 polymorphisms are associated with side effects including changes in libido and insomnia [17] , and also methadone-related deaths [18, 19] . On the other hand, the role of OPRM1 polymorphisms on pain sensitivity among opioid-dependent patients on methadone is unclear because of limited evidence. Thus far, only one study has explored this [20] but unfortunately the low frequencies of variants in the study samples were a limitation. A better understanding of OPRM1 polymorphisms in pain and opioid response of a specific population has implications for the treatment of pain and addictive disease, and clinical management of each in the presence of the other. In the present study, we aimed to investigate the influence of common OPRM1 polymorphisms on pain responses among opioid-dependent Malay males on methadone maintenance therapy (MMT).
METHODS

Participants
Characteristics of the sampling population have been previously described [11] . Briefly, study participants were opioid-dependent males undergoing methadone treatment at Hospital The CPT method utilized in the current study has been previously described [11] . Briefly, a Briefly, the first-step PCR ('Set A') was performed using specifically designed primers (see Table S1 Ten microlitres of the first PCR products of Set A was analyzed using 2.0% agarose gel (Promega Corporation, Madison, WI, USA) and 1 9 TBE (Tris, Borate, EDTA) at 100 V for 60 min. Two microlitres of the diluted first-step PCR products of Set A was used as template for detection of wild-type or mutant-type alleles in the next-step PCR. Two secondary PCRs (Set 1 and 2) were then carried out using identical reaction mixtures described for the first-step PCR, with the exceptions of primer concentrations shown in Table S1 in the supplementary material. The cycling conditions were again optimized and 10 ll of the second PCR products were again analyzed using 2.0% agarose gel and 1 9 TBE at 100 V for 60 min.
Statistical Analysis
Genotyping data were analyzed using the population genetic data analytical program, and allelic additive models, genotype dominant and recessive models, haplotypes and also diplotypes (frequency less than 10.0% were pooled). Statistical analysis was performed using SPSS/Win software (version 22; SPSS, Inc., Chicago, IL, USA). There was no correction for multiple testing since only one gene was tested [23] . All confidence intervals (CIs) were computed at the 95% level. A P value \0.05 was considered significant. 
RESULTS
Characteristics of Study Participants
Genotyping Frequencies of OPRM1 Polymorphisms
The 118A/G and IVS2?691G/C alleles of the OPRM1 gene were successfully amplified from 148 subjects. Their genotype and allele frequencies are shown in Table S2 [11] and OPRM1 polymorphisms might be responsible for this altered sensitivity based therapy. There is also the possibility that heightened pain sensitivity is a result of the prolonged opioid use itself or opioid-induced hyperalgesia. The heightened pain sensitivity is a form of latent hyperalgesia to chronic opioid misuse, and subsequent methadone therapy does not exacerbate hyperalgesia but does not make it worse either [34, 35] . Some limitations to this study need to be highlighted. There are a number of OPRM1 polymorphisms (such as rs1074287, rs6912029, rs12209447, rs510769, rs3798676, rs7748401, rs495491, rs10457090, rs589046, rs3778152, and rs563649) but we only studied two common variants. Only Malay males were included but we aimed to reduce the confounding effects of gender and ethnicity on cold pain response [36] [37] [38] [39] [40] [41] [42] [43] [44] . Furthermore, Malay males are the majority of opioid-dependent patients on methadone treatment in Malaysia. There were other confounding factors such as induction of tolerance to methadone effects, methadone clearance and genetic variations of other pain-related genes and genes related to pharmacokinetics and pharmacodynamics of methadone, which may be important. Only a tonic pain model using cold pain was studied here and phasic pain may differ qualitatively, neurologically, and functionally from tonic pain stimuli [45] . However, CPT has been shown to be the better pain-induction technique for methadone studies [20, 46, 47] . Lastly, our analyses did not correct for multiple testing because of single gene being studied.
There was a significant LD between loci and it was 47.3% of the theoretical maximum but 
CONCLUSIONS
In summary, our study indicates that the IVS2?691 CC genotype was associated with a shorter cold pain tolerance time but AC/AG 
